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D DQG E 7KH DEVRUEHG HQHUJ\ SHU XQLW YROXPH LV
FDOFXODWHGE\PHDVXULQJWKHDUHDXQGHUWKHVWUHVVVWUDLQGLDJUDP(PSW\PLOGVWHHOVDPSOHDEVRUEVHQHUJ\XSWR
0-P EXW$O IRDPILOOHGPLOGVWHHOVDPSOHFDQDEVRUEHQHUJ\XS WR0-P7KHDEVRUEHGHQHUJ\RI$O IRDP
ILOOHG PLOGVWHHOVDPSOHLVLPSURYHGE\XQGHUVWUDLQUDWHRI
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(PSW\ PLOG VWHHO VDPSOH SUHSDUHG RI WKLFNQHVV PP ZLGWK PP DQG KHLJKW PP 7KH DUHD RI
VDPSOHLVPP:KLOHRWKHU PLOGVWHHOVDPSOHILOOHGZLWK$OIRDPLVSUHSDUHGRIWKLFNQHVVPPZLGWK
PPDQG KHLJKW PP7KH DUHD RI$O IRDP ILOOHGPLOG VWHHO VDPSOH LV 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VKRZQLQ ILJDEF	G7KHVHWZRVDPSOHVDUHFRPSUHVVHGXQGHU VWUDLQUDWHRIWKHVWUHVVVWUDLQGLDJUDPRI
VDPSOHV WHVWHG XQGHU VWUDLQ UDWH RI  LV VKRZQ LQ ILJ  D DQG E 7KH DEVRUEHG HQHUJ\ SHU XQLW YROXPH LV
FDOFXODWHGE\PHDVXULQJ WKH DUHDXQGHU WKH VWUHVVVWUDLQGLDJUDP(PSW\PLOG VWHHO VDPSOH FDQ DEVRUE HQHUJ\ XS
WR0-P EXW$OIRDPILOOHGPLOGVWHHOVDPSOHFDQDEVRUEHQHUJ\XSWR0-P7KHDEVRUEHGHQHUJ\RI$O
IRDPILOOHGPLOGVWHHOVDPSOHLVLPSURYHGE\XQGHUVWUDLQUDWHRI
)LJDVWUHVVVWUDLQGLDJUDP IRUHPSW\VHFWLRQEVWUHVVVWUDLQGLDJUDPIRUIRDPILOOHGVHFWLRQ6WUDLQUDWH
(IIHFWRIVWUDLQUDWHVRQWKHHQHUJ\DEVRUSWLRQRI$OIRDPILOOHG0VVDPSOHDQGHPSW\0VVDPSOHVWUDLQUDWH
(PSW\ PLOG VWHHO VDPSOH SUHSDUHG RI WKLFNQHVV PP ZLGWK PP DQG KHLJKW PP 7KH DUHD RI
VDPSOHLVPP:KLOHRWKHUPLOGVWHHOVDPSOHILOOHGZLWK$OIRDPLVSUHSDUHGRIWKLFNQHVVPPZLGWK
PPDQG KHLJKW PP7KH DUHD RI$O IRDP ILOOHGPLOG VWHHO VDPSOH LV PP 7KH VDPSOHV DUH
VKRZQLQILJDEF	G7KHVHWZRVDPSOHVDUHFRPSUHVVHGXQGHUVWUDLQUDWHRIWKHVWUHVVVWUDLQGLDJUDPRI
VDPSOHVWHVWHGXQGHUVWUDLQUDWHRILVVKRZQLQILJDDQGE7KHDEVRUEHGHQHUJ\SHUXQLWYROXPHLVFDOFXODWHG
E\ PHDVXULQJWKHDUHDXQGHUWKHVWUHVVVWUDLQGLDJUDP(PSW\PLOGVWHHOVDPSOHFDQDEVRUEHQHUJ\XSWR0-P
EXW$O IRDPILOOHGPLOGVWHHOVDPSOHFDQDEVRUEHQHUJ\XSWR0-P7KHDEVRUEHGHQHUJ\RI$OIRDPILOOHG
PLOGVWHHOVDPSOHLVLPSURYHGE\XQGHUVWUDLQUDWHRI
)LJDVWUHVVVWUDLQGLDJUDPIRUHPSW\VHFWLRQEVWUHVVVWUDLQGLDJUDPIRUIRDPILOOHGVHFWLRQ6WUDLQUDWH
(QHUJ\DEVRUSWLRQ
Ϭ
ϱϬ
ϭϬϬ
ϭϱϬ
Ϭ Ϭ͘Ϯ Ϭ͘ϰ Ϭ͘ϲ Ϭ͘ϴ
7
UX
H
VW
UH
VV
0
3D

7UXH6WUDLQ
ŵƉƚǇ 6HFWLRQ
Ϭ
ϱϬ
ϭϬϬ
ϭϱϬ
Ϭ Ϭ͘Ϯ Ϭ͘ϰ Ϭ͘ϲ Ϭ͘ϴ
7
UX
H
VW
UH
VV
0
3D

7UXH6WUDLQ
)RDP)LOOHG6HFWLRQ
Ϭ
ϱϬ
ϭϬϬ
ϭϱϬ
Ϭ Ϭ͘Ϯ Ϭ͘ϰ Ϭ͘ϲ Ϭ͘ϴ
7
UX
H
VW
UH
VV
0
3D

7UXH6WUDLQ
(PSW\6HFWLRQ
Ϭ
ϱϬ
ϭϬϬ
ϭϱϬ
Ϭ Ϭ͘Ϯ Ϭ͘ϰ Ϭ͘ϲ Ϭ͘ϴ
)RDP)LOOHG6HFWLRQ
7UXH6WUDLQ
D E
D E
7
UX
H
6W
UH
VV
0
3D

170   Dipen Kumar Rajak et al. /  Procedia Materials Science  5 ( 2014 )  164 – 172 
7KHHQHUJ\DEVRUEHGSHUXQLWYROXPHZLWK IRDP VDPSOHDQGHPSW\ VDPSOH LV IRXQGDW GLIIHUHQW VWUDLQ UDWHV7KH
DEVRUEHGHQHUJ\SHUXQLWYROXPHLVFDOFXODWHGE\PHDVXULQJWKHDUHDXQGHUWKHVWUHVVVWUDLQGLDJUDP7KHDUHDXQGHU
WKH VWUHVVVWUDLQGLDJUDP LVFDOFXODWHGE\SODWHDXVWUHVV7KHSODWHDXVWUHVV LQ WKH VWUHVVVWUDLQGLDJUDP LV FRQVWDQW
WKURXJKRXW WKHGHQVLILFDWLRQUHJLRQ6KRZQLQILJ
)LJ6KRZVH[DPSOHRIVWUHVVVWUDLQGLDJUDPIRUDOXPLQLXPIRDPHQHUJ\DEVRUSWLRQ
7KHSHUFHQWDJHLQFUHDVH LQWKHHQHUJ\DEVRUSWLRQLVFDOFXODWHGE\WKHGLIIHUHQFHRI$OILOOHGPLOGVWHHOVDPSOHDQG
PLOGVWHHOVDPSOHGLYLGHGE\WKHHPSW\PLOGVWHHOVDPSOH
,WLVREVHUYHGIURP7DEOHWKDWHQHUJ\DEVRUSWLRQLQFUHDVHVZLWKVWUDLQUDWHDQGWKHHQHUJ\DEVRUSWLRQRI$OIRDP
ILOOHGVDPSOHVLVPRUHWKDQHPSW\VDPSOHV:KHQWKHVWUDLQUDWHLVLQFUHDVHGIURPWRHQHUJ\DEVRUSWLRQRI
$O IRDP ILOOHG VDPSOH LQFUHDVHV IURP0-P WR 0-P DQG WKH HQHUJ\ DEVRUSWLRQ RI HPSW\PLOG VWHHO
VDPSOH LQFUHDVHV IURP  0-P WR  0-P7KH HQHUJ\ DEVRUSWLRQ RI $O IRDP ILOOHG PLOG VWHHO VDPSOH LV
LQFUHDVHV E\    DQG  WKDQ HPSW\ PLOG VWHHO VDPSOHV DW VWUDLQ UDWH RI    
UHVSHFWLYHO\ 7KH DERYH UHVXOWV LQGLFDWHV WKDW $O IRDP ILOOHG PLOG VWHHO VDPSOH DW  VWUDLQ UDWH VKRZV KLJKHVW
LPSURYHPHQWLQHQHUJ\DEVRUSWLRQRIPLOGVWHHOVDPSOH
7DEOH6KRZVHQHUJ\DEVRUSWLRQRI$OIRDPILOOHGUHFWDQJXODUDQGHPSW\UHFWDQJXODUPLOGVWHHOVDPSOHDWYDULRXVVWUDLQUDWH
6WUDLQ5DWH (PSW\6HFWLRQ3ODWHDX6WUHVV03D
)RDP)LOOHG6HFWLRQ
3ODWHDXVWUHVV03D
,PSURYHPHQWLQ7KH3ODWHDX
6WUHVV 3ODWHDXVWUHVV03D
   
   
   
   
0LFURVWUXFWXUHRIIRDP
7KH PLFURVWUXFWXUH RI IRDP VDPSOH LV DQDO\]HG XVLQJ VFDQQLQJ HOHFWURQ PLFURVFRSH 6(0 0RGHO +LWDFKL
61-DSDQ7KHVHPLFURJUDSKVDUH UHTXLUHGWRLGHQWLI\DOXPLQLXP IRDPEHKDYLRUXQGHUFRPSUHVVLRQORDG
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)LJD6(0PLFURJUDSKRI$ODOOR\IRDPVKRZLQJFHOO E+LJKHUPDJQLILFDWLRQPLFURJUDSKVKRZLQJFHOOZDOO F6(0PLFURJUDSKRI$O
DOOR\IRDPVKRZLQJFHOOVDQGZDOOG+LJKHU PDJQLILFDWLRQPLFURJUDSKRIFHOOZDOOVKRZLQJDOORFDWLRQRI 6L& SDUWLFOHLQ$ODOOR\
&RQFOXVLRQV
7KH FRPSUHVVLYH VWUHVVVWUDLQ GLDJUDP VKRZV WKUHH GLVWLQFW UHJLRQV OLQHDU HODVWLF UHJLRQ SODWHDX UHJLRQ DQG
GHQVLILFDWLRQUHJLRQ7KHSODWHDXVWUHVVRI$OIRDPILOOHGPLOGVWHHOVDPSOHVLQFUHDVHVLQVWUDLQUDWH7KLVLQFUHDVH
LQSODWHDXVWUHVVLQFUHDVHVHQHUJ\DEVRUSWLRQ7KHHQHUJ\DEVRUSWLRQRI$OIRDPILOOHGPLOGVWHHOVDPSOHDQGHPSW\
PLOGVWHHOVDPSOHLQFUHDVHVIURP0-P WR0-P DQG0-P WR0-P UHVSHFWLYHO\ZLWKLQFUHDVH
LQVWUDLQUDWH7KHHQHUJ\DEVRUSWLRQRI$OIRDPILOOHGPLOGVWHHOVDPSOHLVLQFUHDVHGE\WLPHVDVFRPSDUHGWR
HPSW\PLOG VWHHO VDPSOHVDW VWUDLQ UDWHRI7KLVJLYHVPD[LPXP LQFUHDVHRIHQHUJ\DEVRUSWLRQ$O IRDP ILOOHG
PLOGVWHHOVDPSOHVIURPHPSW\PLOGVWHHO VDPSOHVDWGLIIHUHQWVWUDLQUDWH
$FNQRZOHGJHPHQWV
7KHDXWKRUVZLVKWRH[SUHVVWKHLUJUDWLWXGHWR/LJKW:HLJKW0HWDOOLF0DWHULDO/DERUDWRU\&6,5$035,%KRSDO
5HIHUHQFHV
/-*LEVRQ0)$VKE\&HOOXODU6ROLGV6WUXFWXUHDQG3URSHUWLHVQGHGLWLRQ&DPEULGJH8QLYHUVLW\3UHVV&DPEULGJH 8.SS
$(6LPRQH/-*LEVRQ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